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Abstract 
The paper made a research on synergetic effect of hydrogen sulfide decomposition using dielectric barrier discharge 
(DBD) plasma combined with metal oxide catalysis. Effects of metal oxide types and active component loading on 
simultaneous removal of H2S and O3 were investigated. The synergistic mechanism that O3 assisted non-thermal 
plasma (NTP) for H2S decomposition were also analyzed. It was showed that in the presence of metal oxide catalyst, 
H2S removal efficiency was obviously higher than that with NTP alone. In terms of H2S removal efficiency, metal 
oxide catalysts could be ranked as follows: Mn>Ag>Cu>Fe, which also accorded with the sequence of O3 
decomposition ability. At the same applied voltage, the larger decomposition amount of O3, the higher removal 
efficiency of H2S. With XPS spectra results, it was deduced that H2S was oxidized into SO2、SO3 in the process of 
NTP with catalysis, ultimately formed S,H2SO3 and H2SO4. 
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1. Introduction 
The emissions of hydrogen sulfide(H2S) from various industries, such as oil refinery, petroleum 
industries and sewage treatment, not only give rise to corrosion of the pipelines and equipment, but also 
do great harm to human health. The conventional methods for H2S abatement include liquid adsorb, 
activated carbon adsorption, incineration and biological treatment. But each has been restricted for its 
drawbacks, such as high operation cost and unstable removal efficiency[1-3]. However, Nonthermal 
plasma(NTP) techniques offer an innovative approach to removal gaseous pollutants due to its high  
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effectiveness and economical feasibility, which has been widely investigated by many authors over last 
two decades[4-6]. In order to attain a better performance than NTP alone, catalysts were introduced into 
the plasma reactor to enhance the removal efficiency and suppress the undesirable byproducts[7-9]. This 
study aimed at investigating H2S removal effect using dielectric barrier discharge (DBD) plasma 
combined with metal oxide catalysis, and analyzed the synergistic mechanism that O3 assisted non-
thermal plasma (NTP) for H2S decomposition.  
2. Experimental
2.1. Experimental set up 
Fig.1 shows a schematic diagram of H2S removal system.H2S generated from gas cylinder firstly 
mixed with air, then fed to the plasma reactor. H2S mixed with air was fed at a total flow rate of 0.2 m3/h 
(relative humidity was around 10%), the initial concentration of which was adjusted to 200mg/m3, unless 
stated otherwise. The concentration of H2S was measured by gas chromatograph(Clarus 600 GC, 
PerkinElmer), equipped with FPD and a capillary column of Porapak QS.The ozone downstream of the 
reactor was analyzed by chemical adsorption method.The plasma reactor consists of a tungsten discharge 
wire (o.d. 0.8mm) and a quartz cylindrical tube(i.d. 21.5mm, length 300mm). It is covered with stainless 
steel mesh that has a length of 90mm,which acts as a ground electrode. Ceramic ring (o.d. 
5.0mm,i.d.2.0mm, length10mm, SBET:0.001m2/g) is chosen as carrier of metal oxides, which were packed 
within the DBD reactor. AC high voltage (50-Hz sine) transformer is employed as power supply for the 
generation of plasma.  
The H2S removal efficiency (%) is expressed as 
Removal efficiency(%)=100(C0-C)/C        (1) 
Here C0 and C indicate the inlet and outlet concentration of H2S, respectively. 
 
Fig.1.  Schematic diagram of experimental system 
2.2. Catalyst and its characterization 
Four kinds of metal oxides, i.e., manganese oxide, silver oxide, copper oxide and iron oxide were 
coated on ceramic rings with a same mass ratio of 0.75 wt.%, which were prepared by an impregnation 
method using corresponding nitrate solution(Mn(NO3)2, AgNO3, Cu(NO3)2, Fe(NO3)3). After being 
impregnated with nitrate solution, it was dried at 393K for 6h, then calcined at 823k for 4h.The phase 
858  Xiaoqing Dang et al. / Energy Procedia 16 (2012) 856 – 862 Dang xiaoqing et al./ Energy Procedia 00 (2011) 000–000  
 
omposition of catalysts were analyzed using X-ray diffractometer(D/MAX-2400, Japan). The product on 
catalyst surface was analyzed by X-ray photoelectron spectrometer(Kα, Britain). 
3. Results and discussion 
3.1. XRD spectra 
The XRD spectra of the four kinds of catalysts before reaction are presented in Fig. 2(a)-(d). It could 
be seen that Mn2O3, Ag2O, CuO and Fe2O3 were identified in the catalysts. 
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Fig.2.  XRD pattern of catalyst 
3.2. The effect of metal oxide catalyst on H2S removal performance 
Fig.3 showed the effect of metal oxide catalyst on removal efficiency of H2S. It was showed that in the 
presence of metal oxide catalyst, H2S removal efficiency was obviously higher than that with NTP 
alone(i.e., no catalyst packed in the plasma reactor). In terms of H2S removal efficiency, metal oxide 
catalysts could be ranked as follows: Mn>Ag>Cu>Fe. As applied voltage was close to 22kV, H2S removal 
efficiency approached 100% by Mn metal oxides catalyst. At 20kV, compared to NTP alone, H2S removal 
efficiency was improved by 35%, 28%, 13%, 9% respectively. Meanwhile, it was found in our experiment 
that metal oxide catalysts showed no H2S removal effect in the absence of nonthermal plasma. That 
suggested that plasma could activate the catalytic activity of metal oxide. By combining NTP with catalyst, 
it could achieve a better synergetic effect for a high H2S removal efficiency. 
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3.3. The effect of active component loading on H2S removal performance 
Fig. 5 and Fig. 6 indicated the effect of active component loading on H2S and O3 removal, respectively. 
The figures illustrated that in terms of H2S removal efficiency and ozone decomposition ability, the 
sequence of different active component loading of Mn metal oxide, were ranked as 
follws:7.45%Mn >3.85% Mn >0.75% Mn. With an increase of applied voltage, the effect of active 
component loading on H2S removal tended to be remarkably weakened. At low applied voltage, H2S 
removal was significantly affected by active component loading. At 12kV, H2S removal efficiency with 
7.45%Mn catalyst was increased by 8%, 37% than that with 3.85% Mn and 0.75% Mn catalyst, 
respectively. When the applied voltage was 22kV，H2S removal efficiency with above three catalyst 
loading was close to 100%. At low voltage, We attributed that phenomena to adsorption by the active sites 
of catalyst. Because when voltage was very low, catalyst was not fully activated, and adsorption of H2S on 
catalyst contribute much to H2S removal. As applied voltage increased, catalyst was gradually fully 
activated, catalytic decomposition by catalyst began to dominate in H2S removal process. From fig. 6, it 
was also found that catalyst with 7.45% Mn showed a total removal of ozone. It was suggested that 
catalyst played a significant role in decomposing ozone.    
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Fig.3.  Effect of metal oxide catalyst on removal efficiency of H2S       Fig.4.  Effect of metal oxide catalyst on ozone removal
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Fig.5.  Effect of active component loading on H2S removal            Fig.6.  Effect of active component loading on O3 removal 
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3.4. Reaction mechanism analysis 
It was believed that H2S removal is mainly due to ozone acting either directly or indirectly via 
adsorption or decomposition on catalyst surfaces, leading to the formation of strongly oxidizing species, 
i.e., atomic oxygen[10-12]. That was expressed by Eqs. 2-3. 
 
O3 +*O → O2 + *O2  (2) 
*O2 → O2 + *  (3) 
*: Active site. 
In this experiment, it was assumed that ozone generation by plasma discharge was little affected by the 
interaction between catalyst and NTP. Because ceramic ring, with a small specific surface area: 0.001m2/g, 
was selected as carrier for catalyst. Consequently, the active component loading on catalyst made a 
negligible effect on plasma discharge.  
Hence, ozone catalytic decomposition amount (△O3) and removal efficiency enhancement (△η) can 
be expressed by Eqs. 4-5.  
 
△O3=O3 (NTP) — O3 (NTP + catalysis) (4) 
△η=η(NTP + catalysis) —η(NTP) (5) 
Table1 showed the effect of ozone catalytic decomposition on H2S removal in the presence of NTP. It 
could be observed that positive correlations between H2S removal and ozone decomposition ability in 
table 1. At the same voltage, the larger decomposition amount of O3, the higher removal efficiency of H2S. 
Table 1.  Effect of ozone catalytic decomposition on H2S removal 
Catalyst type 
M(wt%) 
14kV 20kV 
△η(%) △O3 
(mg/m3) 
△η(%) △O3 
(mg/m3) 
Mn 
0.75% 27.7 492 35.1 752.4 
3.85% 58.7 549.9 40.0 933.3 
7.45% 64.3 578.0 41.0 1070.7 
Ag 0.75% 22.8 376.2 27.2 622.2 
Cu 0.75% 15.0 217.1 13.0 274.9 
Fe 0.75% 11.0 58.0 8.5 115.7 
 
Fig. 7 showed the XPS spectra of S 2p in Mn catalyst after reaction. The binding energy of S 2p was 
170.4ev, which was very close to that of SO3(~170.8 ev). It implied that SO3 was produced on the surface 
of catalyst.  
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Fig.7.  XPS spectra of S 2p in Mn catalyst(after reaction) 
Hence, H2S removal process can be expressed by the following equations. 
H2S+*O→HS+*OH  (6) 
HS+*O→SO2+H2O                                                                                                                (7)   
H2S+*OH→H2O+*SH                                                                                                           (8) 
SO2+*O→SO3 (9) 
*M+NTP→M+*                                                                                                                      (10) 
HS·+·OH→H2O+S                                                                                                                  (11) 
HS·+·O→H2O+SO2                                                                                                                (12)  
2 H2S+SO2→3S+H2O                                                                                                            (13) 
S·+·O→SO2                                                                                                                             (14) 
SO2+·O→SO3                                                                                                                          (15) 
SO2+ H2O→H2SO3                                                                                                                (16) 
SO3+ H2O→H2SO4                                                                                                                (17) 
Here, M indicates the intermediate product adsorbed on active site of catalyst. 
In Eqs.10, it could be found that NTP was helpful for desorption of intermediate product from active 
site of catalyst. Thus, catalyst kept high catalytic reactivity. Ultimately, H2S was converted to S, H2SO3 
and H2SO4 by reacting with high oxidative radical. 
4. Conclusions 
The combination of NTP and metal oxide catalyst could improve H2S removal efficiency, and suppress 
ozone formation. Manganese oxides catalyst showed the best performance among the catalysts 
investigated in the paper. In addition, the synergistic mechanism that O3 assisted non-thermal plasma 
(NTP) for H2S decomposition were also analyzed. It was found that at the same applied voltage, the larger 
decomposition amount of O3, the higher removal efficiency of H2S. it was deduced that H2S was 
ultimately converted to S，H2SO3 and H2SO4. 
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